A novel bacterial strain, SC2
. The average nucleotide identity value and estimated DNA-DNA hybridization value between strain SC2 T and the above three type strains (K. algicida OT-1 T , K. antarctica IMCC 3317 T and K. jejudonensis SSK3-3 T ) were found to be 79.4-82.4 % and 24.2-27.0 %, respectively. The predominant fatty acids (>5.0 %) were C 16 : 0 , iso-C 15 : 0 , iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH, summed feature 3 (comprising C 16 : 1 !7c/C 16 : 1 !6c), summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c) and summed feature 9 (comprising iso-C 17 : 1 !9c/C 16 : 0 10-methyl). The respiratory quinone was determined to be solely menaquinone-6 (MK-6). The polar lipid profile of strain SC2 T consisted of four unknown lipids, three unidentified phospholipids, one unidentified aminolipid and phosphatidylethanolamine. The G+C content of the genomic DNA was 34.5 mol%. The combined genotypic and phenotypic data showed that strain SC2 T represents a novel species within the genus Kordia, for which the name Kordia ulvae sp. nov. is proposed. The type strain is SC2 T (= KCTC 42872 T =MCCC 1A01772 T =LMG 29123 T ).
During an investigation of pigmented bacteria associated with the surface of marine algae, a yellow colony, designated strain SC2 T , was isolated. Phylogenetic study based on the 16S rRNA gene sequence showed it belonged to the genus Kordia. The genus Kordia, belonging to the family Flavobacteriaceae, was first proposed by Sohn et al. (2004) . The type species is Kordia algicida, which was isolated from seawater during an algal red tide outbreak (Sohn et al., 2004) . Five novel species within this genus have since been isolated and characterized. Two species, Kordia zhangzhouensis and Kordia jejudonensis SSK3-3 T , were isolated from the junction between seawater and freshwater (Du et al., 2015; Park et al., 2014) . Kordia aquimaris was isolated from the coastal surface seawater of Taiwan (Hameed et al., 2013) , and Kordia antarctica was isolated from a coastal seawater from the Antarctic Peninsula (Baek et al., 2013) . And one species, Abbreviations: ANI, average nucleotide identity; DDH, DNA-DNA hybridization.
The GenBank/EMBL/DDJB accession number for the 16S rRNA gene sequence of Kordia ulvae SC2 T is KT589975.
Four supplementary figures are available with the online Supplementary Material.
Kordia periserrulae, was associated with the marine hostpolychaete Periserrula leucophryna inhabiting a tidal flat of the Yellow Sea, Korea (Choi et al., 2011) . To further determine the exact taxonomic position of strain SC2 T , a polyphasic characterization including determination of phenotypic, biochemical and physiological properties and phylogenetic analysis based on the 16S rRNA gene was conducted in this study.
The marine green algae Ulva sp. was collected in April 2015 from the coastal regions of Dadeng island, Xiamen, Fujian province, China. The fronds were washed twice with sterile seawater, and cut into pieces. The diluted bacterial suspension was spread onto marine broth 2216 (Difco, BD) and marine agar 2216 (MA; BD) cultured plates (autoclaved separately) (Tanaka et al., 2014) . The plates were placed at 25 C for 5 days. A yellow colony was picked and streaked to obtain the pure culture. The strain was named SC2
T and stored with 20 % (v/v) glycerol at À80 C.
Genomic DNA was extracted using the Bacterial Genomic DNA Extraction kit (Shanghai SBS Genetech) following the manufacturer's instructions. The 16S rRNA gene was amplified using universal primers 27F and 1492R. Levels of sequence similarity were determined using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic analysis was performed using MEGA version 5.0 (Tamura et al., 2011) with distance options according to the Kimura two-parameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992) methods. The topologies of the trees were supported with bootstrap values based on 1000 replications for each method.
A nearly full-length 16S rRNA gene sequence (1444 bp) from strain SC2 T was determined using clone sequencing. Fig. 1 , a phylogenetic tree was reconstructed based on the 16S rRNA gene sequences from members of the genus Kordia and related genera of the family Flavobacteriaceae. Strain SC2
T formed a clade within the genus Kordia, indicating that strain SC2 T belongs to the genus Kordia (Figs S1 and S2).
The draft genome sequences of strain SC2
T and K. antarctica IMCC 3317
T were determined using an Illumina Hiseq 2000 platform through paired-end (300 bp fragment library) sequencing technology by Shanghai Majorbio Biopharm Technology. A total of 1 G data was generated and assembled using SPAdes v.3.6.0 (Bankevich et al., 2012) . The average nucleotide identity (ANI) value was calculated using the algorithm of Goris et al. (2007) via the EZGenome web service. The DNA-DNA hybridization (DDH) value was estimated using the genome-to-genome distance calculator (GGDC2.0) (Auch et al., 2010a, b; Meier-Kolthoff et al., 2013) . The draft genome sequences of K. algicida OT-1 T (ABIB01000001) and K. jejudonensis SSK3-3 T (LBMG01000001.1) were obtained from NCBI. The ANI value between strain SC2 T and the three reference type strains (K. algicida OT-1 T , K. antarctica IMCC 3317 T and K. jejudonensis SSK3-3 T ) were 82.4, 80.7 and 79.4 %, respectively, which were below the standard ANI criteria for species identity (95-96 %) (Richter & Rosselló-Móra, 2009 ). The estimated DDH values between strain SC2
T and the three reference type strains were 27.9±2.4, 24.2±2.4 and 24.3±2.4 %, respectively, which were below the standard criteria for delineating bacterial species (70 %) (Moore T represents a novel species of the genus Kordia.
The cell morphology of strain SC2
T was observed using transmission electron microscopy (TEM-1230; Jeol) after growing on MA for 24 h and staining with 1 % (w/v) phosphotungstic acid. Growth at 5, 15, 20, 25, 30, 35, 37, 40 and 45 C was assessed in triangular flasks with MB. Salt tolerance was tested in MB with final NaCl concentrations adjusted to 1-10 % (w/v) (1 % intervals). The pH range for growth was determined in MB adjusted to pH 2.0-10.0 (at intervals of 1 pH unit) with citrate/phosphate (pH 2.0-7.0), Tris/HCl (pH 8. (Hameed et al., 2013) . Biochemical tests were carried out using API 20E, API 20NE and API ZYM strips according to the manufacturer's instructions (bioM erieux). Activities of catalase and oxidase and hydrolysis of starch (0.2 %, w/v), agar, Tween 20 and Tween 80 (each 1.0 %, v/v) were tested (Baek et al., 2013) . +, Positive; À, negative; W, weak positive reaction in comparison with control. API data for the reference strains were obtained from this study. All strains are positive for catalase activity; hydrolysis of agar, skimmed milk, gelatin, Tween 20 and Tween 80; activity of naphthol-AS-BI-phosphohydrolase, alkaline phosphatase, 4-nitrophenyl-b-D-galactopyranoside, acid phosphatase, esterase (C 4 ) and esterase lipase (C 8 ). All strains are negative for colloidal chitin, lipase (C 14 ), N-acetyl-b-glucosaminidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, b-fucosidase, lysine decarboxylase, ornithine decarboxylase, utilization of citrate, H 2 S production, indole production, mannitol fermentation, sorbitol fermentation, rhamnose fermentation, sucrose fermentation, melibiose fermentation, amygdalin fermentation, reduction of nitrate to nitrite, D-mannose, D-glucose, N-acetylglucosamine, L-arabinose, maltose, potassium gluconate, capric acid, adipic acid, malic acid and phenylacetic acid. Indole production on MA according to Smibert & Krieg (1994) . Degradation of CM-cellulose (1.0 %, w/v), casein (1.0 %, w/v, skimmed milk) and colloidal chitin (1.0 %, v/v) was also tested on MA. Degradation was indicated by the formation of a clear zone around colonies either directly or after flooding with appropriate stains (Teather & Wood, 1982) . All kit-based assays were accomplished according to the manufacturer's instructions, except that the bacterial suspension was prepared in aqueous 3.0 % (w/v) sea salts solution or the inoculation fluid was supplemented with sterile 3.0 % sea salts (final concentration). Results were recorded after 24 h of incubation at 30 C. As presented in Table 1 , numerous differential charcteristics were found between strain SC2 T and the reference type strains.
Fatty acids in whole cells grown on MA medium at 30 C for 48 h were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were analysed by GC (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The fatty acids of K. algicida OT-1 T , K. jejudonensis SSK3-3 T , K. antarctica IMCC 3317 T and . Strains 1-4 were grown under the same culture conditions (MA at 30 C for 2 days), but strain 5 was grown on MA at 20 C for 5 days. Values are percentages of the total fatty acids and the five sets of data were generated in this study. ND, Not detected; TR, trace (< 0.5 % of the total fatty acids). *Summed features are groups of two or three fatty acids that cannot be separated by GLC using the MIDI system. Summed feature 3 comprised C 16 : 1 !7c/C 16 : 1 !6c or C 16 : 1 !6c/C 16 : 1 !7c. Summed feature 8 comprised C 18 : 1 !7c/C 18 : 1 !6c. Summed feature 9 comprised iso-C 17 : 1 !9c/C 16 : 0 10-methyl.
K. aquimaris CC-AMZ-301
T were tested at the same time with strain SC2 T under the same conditions. The principal fatty acids of strain SC2 T were C 16 : 0 (5.79 %), iso-C 15 : 0 (15.42 %), iso-C 15 : 0 3-OH (8.45 %), iso-C 17 : 0 3-OH (12.53 %), summed feature 3 (comprising C 16 : 1 !7c/ C 16 : 1 !6c) (5.57 %), summed feature 9 (comprising iso-C 17 : 1 !9c/C 16 : 0 10-methyl) (8.25 %) and summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c) (7.60 %). The profile of major fatty acids of strain SC2
T differed from those of the reference type strains as regards the percentages of the components. As presented in Table 2 , there were clear distinctions in the cellular fatty acid profiles of strain SC2
T and the reference type strains.
The respiratory quinone of strain SC2
T was determined to be solely menaquinone 6 (MK-6) by HPLC according to a previously reported method (Collins, 1985) , which is in accordance with other species of the genus Kordia. Polar lipids were extracted using a chloroform/methanol system and analyed using one-and two-dimensional TLC, as described previously (Kates, 1986) . Merck silica gel 60 F254 aluminium-backed thinlayer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.), and the second chloroform/methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.). The TLC plates were sprayed with sulfuric acid/ethanol (1 : 2, v/v) followed by heating at 150 C for 3 min to detect phospholipids and glycolipids. The TLC plates were also visualized by treating the plates with 10 % (w/v) molybdatophosphoric acid followed by heating at 150 C for 5 min. As illustrated in Fig. S3 , the polar lipids of strain SC2 T comprised four unknown lipids, three unidentified phospholipids, one unidentified aminolipid and phosphatidylethanolamine, a profile that was similar to those of other species within the genus Kordia (Hameed et al., 2013) .
The G+C content of the genomic DNA was determined using QUAST according to draft genome sequence (Gurevich et al., 2013) . The chromosomal DNA G+C content of strain SC2 T was 34.5 mol%, which is within the range reported for recognized Kordia species (Table 1) .
Strain SC2
T showed physiological and biochemical differences from the reference type strains. Strain SC2 T was strongly positive for arginine dihydrolase, urease and arabinose fermentation, but negative for tryptophan decarboxylase. The results of the phylogenetic analysis, phenotypic analysis, and physiological and biochemical studies presented above support the view that strain SC2
T represents a novel species within the genus Kordia, for which the name Kordia ulvae sp. nov. is proposed.
Description of Kordia ulvae sp. nov.
Kordia ulvae (ul'vae. L. gen. fem. n. ulvae of a seaweed).
Cells are Gram-stain-negative,non-flagellated and rodshaped, 2.2-3.5 µm long and 0.4 µm wide (Fig. S4) . Cells on MA plates are yellow, circular and shiny after incubation for 2 days at 30 C. Grows with 1-6 % (w/v) NaCl (with optimum of 2 %), at 15-37 C (with optimum of 30 C) and at pH 7.0-9.0 (with optimum of pH 8.0). Degrades skimmed milk, agar, soluble starch, Tween 20 and Tween 80 but not colloidal chitin. Enzyme test results are positive for alkaline phosphatase, leucine aminopeptidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase; weakly positive for esterase (C 4 ) and esterase lipase (C 8 ); and negative for esterase (C 14 ), trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, afucosidase, N-acetyl-b-glucosaminidase, b-fucosidase and a-mannosidase. Cannot utilize D-glucose, D-mannose, Nacetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid or phenylacetic acid, but positive for arginine dihydrolase, urease, 4-nitrophenyl-b-D-galactopyranoside, D-glucose fermentation and indole production. Positive for gelatinase, the Voges-Proskauer reaction and arabinose fermentation. The predominant fatty acids (>5.0 %) are C 16 : 0 , iso-C 15 : 0 , iso-C 15 : 0 3-OH, iso-C 17 : 0 3-OH, summed feature 3 (comprising C 16 : 1 !7c/ C 16 : 1 !6c), summed feature 9 (comprising iso-C 17 : 1 !9c/ C 16 : 0 10-methyl) and summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c). The major polar lipids are four unknown lipids, three unidentified phospholipids, one unidentified aminolipid and phosphatidylethanolamine. The sole major respiratory quinone is MK-6.
The type strain, SC2
T (=KCTC 42872 T =MCCC 1A01772 T = LMG 29123 T ), was isolated from the surface of a green marine alga (Ulva sp.) collected from coastal regions in Dadeng island, Xiamen, Fujian Province, China. The chromosomal DNA G+C content of the type strain is 34.5 mol%.
